Background: The initial treatment strategy for patients with type 2 diabetes includes lifestyle change recommendations. When patients are not successful in controlling their blood glucose levels through healthier lifestyle pharmaceutical agents are recommended. The objective of this study is to identify determinants of initial treatment change following initiation of non-insulin antihyperglycaemic treatment (OAD) for UK patients with type 2 diabetes.
Background
The incidence and prevalence of type 2 diabetes (T2D) in the United Kingdom (UK) has increased over recent years [1] . The aim of T2D treatment is to control blood glucose levels and to reduce the effects of chronic hyperglycaemia while avoiding serious hypoglycaemic events [2, 3] . The effects of poor metabolic control results in increased cardiovascular risk, both at the macrovascular (i.e., coronary artery disease, peripheral artery disease, and carotid artery disease) and microvascular (i.e., retinopathy, nephropathy, and neuropathy) levels [4] . A commonly used measure of average blood glucose control is measuring glycated haemoglobin (HbA1c), which reflects plasma glucose control over the previous two to three months. Current UK recommendations aim to reach an HbA1c level of 6.5% (equivalent to 48 mmol/mol) or 7.5% (equivalent to 59 mmol/mol) for those at risk of severe hypoglycaemia, although these targets are not intended to be universally achieved [5] . There is evidence that direct medical costs of treating patients with T2D who have good glycaemic control are lower than those for patients who have fair or poor glycaemic control [6, 7] .
The initial treatment strategy for patients with T2D includes lifestyle change recommendations, involving exercise and reduced caloric intake aimed at obesity reduction and healthy weight maintenance. When patients are not successful in controlling their blood glucose levels through healthier lifestyle pharmaceutical agents are recommended [5, 8] . In the UK the recommended and preferred prescribed oral antidiabetic (OAD) medications for the treatment of patients with T2D are metformin and sulfonylureas [1, 5] . Alternative OAD and other noninsulin antihyperglycaemic treatment strategies have a variety of drug mechanisms and side-effect profiles that result in different costs and quality of life implications [9] .
A review of publications from UK primary care has indicated that no study has been performed in recent years describing current treatment patterns and how they are associated to HbA1c. Since HbA1c has been consistently reported and recorded for several years now it seems timely to study antihyperglycaemic treatment patterns and their relationship with HbA1c. Our objective was to identify determinants of treatment change following initiation of non-insulin antihyperglycaemic treatment for UK patients with T2D.
Methods
This was a retrospective cohort study using primary care data from the Clinical Practice Research Datalink (CPRD). CPRD is a large database which contains anonymized individual patient-level medical and demographic information on approximately 8% of the UK population from more than 630 general practices. The patient population captured in the database is broadly representative of the UK population and CPRD is a reliable resource for longitudinal epidemiological research [10] .
The total study period was between January 1, 2006 and February 25, 2011 (end of data records). The followup period for each patient starts after the first non-insulin antihyperglycaemic drug is prescribed (index date) and ends at the earliest of the following: date of last data collection for the practice, date of transfer out (patient leaves the practice), date of probable pregnancy, date of death of the patient, or end of study period.
Inclusion and exclusion criteria
We required that each patient had a prescription of antihyperglycaemic therapy (OAD or injectable) other than insulin between January 1, 2006 and December 31, 2010. Additionally, patients had to be permanently registered with a CPRD participating practice and have a valid date of birth and gender information (acceptable patients). Furthermore, all patients had to have at least 12 months of computerised data prior to the index date and the index date was later than the practice's up-to-standard (UTS) date; this is the date from which CPRD considers the practices data to be sufficiently exhaustive to be used for research purposes.
We excluded patients pregnant at index date, with a specific diagnosis of type 1 diabetes mellitus at or prior to index date, a prescription of an OAD at any time prior to index date, a prescription of insulin prior to index date, who left the practice on index date or with a diagnosis of polycystic ovary syndrome (PCOS) if metformin is the index OAD (unless the patient was suffering both T2D and PCOS).
Variables and outcomes
The main treatment pattern outcomes were discontinuation, switching, augmentation and initiation of insulin therapy. In order to define the treatment pattern outcomes at all times, it was necessary to censor each patient's follow-up by 90 days since it is not possible to assess whether a patient has discontinued or not, or whether a switch has effectively occurred or not, if the last prescription occurs near the end of the patient's records. Treatment patterns occurring subsequently to the first change in the OAD therapy are not in the scope of this project given the myriad of possible treatment patterns.
Duration of a prescription is key to defining treatment patterns. If the pack size or daily dose were missing for a prescription then the duration was imputed from typical durations observed for that drug or drug class. Failing this, and where appropriate, a value of 30 days was used.
Discontinuation
Discontinuation was firstly defined for the index OAD and then for all OADs; the latter allows for a patient to switch between OADs until all OAD therapy is discontinued. A patient was defined to have discontinued his/ her index OAD if a gap occurs of at least 60 days between the expiry of the last prescription and the start of the next prescription of that particular OAD. For discontinuation of all OAD therapy, a gap of at least 60 days was again used irrespective of the type of OAD drug and whether switching in the OAD therapy had occurred during the initial period. Time to discontinuation (i.e., persistence) used the number of days from the index date until discontinuation date.
Switching & augmentation
A switch is defined when a new OAD replaces the previous one. For switching, diabetes therapy has to have been continuous, hence the new OAD (or insulin) has to start before the current OAD has been deemed to have discontinued. Hence, the difference between switching and augmentation is the degree of overlap between the two OAD therapies: if a new OAD is prescribed on or after the date of the last prescription of the index OAD (i.e., the overlap between the new and old drugs is less than the duration of one prescription) then we conclude that a switch has occurred, but only if the patients receives at least two prescriptions of the new drug. Augmentation occurs if the new OAD is introduced before the date of the last prescription. Again there must be at least two prescriptions of the new drug. Augmentation is defined as a prescription of a second OAD drug in addition to the index OAD without the discontinuation of the original drug.
Rates
The rates for discontinuation used as denominator time from index date until the earliest of either discontinuation or 90 days before end of follow-up whilst for switching and augmentation the follow-up time was terminated when the index OAD was discontinued. Initiation of insulin was assessed between index date and end of follow-up.
Other variables
We assessed variables of interest at baseline, sociodemographic information, comorbidities, OAD at index date (type and monotherapy or in combination) and laboratory test results including HbA1c (mmol/mol). Comorbidities included coronary heart disease (CHD), cerebrovascular disease, congestive heart failure (CHF), nephropathy, neuropathy, retinopathy, and hypertension, defined by the presence of the corresponding diagnostic or test Read codes [11] . In order to evaluate the trends in HbA1c, the HbA1c results were assigned to specific time periods. The baseline HbA1c was the most recent value recorded in the six months prior to index date. For each year since index date we assigned the HbA1c that was closest to the anniversary of the index date within the six months before or after this date.
Statistical analysis
We described baseline characteristics of all study patients at the time of the first administration of an OAD. These characteristics included age, gender, HbA1c and other laboratory test results, relevant comorbidities and OADs, and other co-medication use. Numbers and percentages of patients were reported for categorical variables, and the mean and median with appropriate measures of spread were given for continuous variables.
Multinomial logistic regression models were applied to estimate the association between each covariate and the likelihood of each of the treatment outcomes as compared to no change in treatment during the timeframe of interest. The timeframes for which models were applied included the baseline period (first six months after index date) and yearly intervals since index. It was not possible to execute the models for time periods beyond one year since index date due to the decreasing numbers of patients over time.
Most covariates comprise of the baseline characteristics. However, HbA1c, age and time since diagnosis were updated to reflect time period being analysed. The most parsimonious models are reported.
Data programming, management and analyses were carried out using SAS (version 9.2).
The study was approved by the Independent Scientific Advisory Committee (ISAC) that provides advice to the Medicines and Healthcare Regulatory Agency on database research (ISAC protocol 10_186). The ISAC is a non-statutory expert advisory body to provide advice on research related requests to access data provided by CPRD (and data from the Yellow Card Scheme as well).
Results
There were 63,060 patients who initiated non-insulin antihyperglycaemic therapy between 2006 and 2010. The median age of patients was 62 years old when they initiated their non-insulin antihyperglycaemic therapy and a little over half the patients were male. By definition this was the first time that these patients had been prescribed OAD. Around 75% of patients had a record of an HbA1c test prior to initiating OAD therapy, and 70% in the prior 6 months. There is a gradual increase over the study period in the proportion of this marker of glycaemic control. The prevalence of CHD was 16.8% and cerebrovascular disease was 6.5%. Retinopathy had a prevalence of 4.5%, compared to a prevalence of 0.7% for either nephropathy and neuropathy. Patient characterisation as tabulated for all patients is broken down according to initial OAD regimen in Table 1 .
Approximately 90% of all patients received metformin as their initial treatment either as monotherapy or in combination with another OAD. The next most frequent first OAD was gliclazide which was prescribed to 9.6% and then glimepiride with just 0.8% ( Table 2 ). Given that there were 19 different OADs, data on cohorts that initiate on any of the remaining 16 OADs (i.e., not metformin, gliclazide, or glimepiride) are sparse. Practically all patients (98.0%) started their OAD therapy as monotherapy, and 1.8% were administered two OADs. The remaining patients (0.2%) had been prescribed preformulated combinations whilst very few either had three OADs (13 patients) or a combination of a preformulated with another OAD (6 patients). Most of the combinations were metformin with gliclazide (85% of all combined OAD).
A summary of the rates of each of the treatment changes for all patients over the first year of OAD treatment (with at least 15 months of follow-up) and for those in the four most common initial OAD groups, which represent 98% of all patients, is in Table 3 . The initiation of insulin was very low during the first year. In this period 31% of patients discontinued their initial OAD therapy and 6% who switched to another therapy. The rate of *All patients included in the study hence summing to more than the four specific OAD groups. **Duration is calculated from the time from first diagnostic code of diabetes if it occurs prior to initiation of OAD (some codes occurred later than OAD). ***Hypertension defined at any time prior to initiation of OAD therapy. discontinuation was lower for metformin than for the other two most common groups and initiation of insulin was higher in the three other groups. A total of 3.4% of all patients (n = 2,101) were administered insulin at some time during their follow-up. Among those who initiated insulin, 62% (n = 1,300) did so during the initial period of persistent OAD use, 32% were switched from OAD to insulin whilst 6% started insulin after having discontinued all OAD therapy (for at least 60 days). With regards to the initial insulin regimen, most patients (84%, n = 1,892) started on intermediate/longacting insulin as compared to only 4.2% on short-acting insulin. The remainder (12%, n = 271) were administered both insulin types.
A summary of the rates of each of the treatment changes for all patients over the study follow-up is in Table 4 . For patients with at least four years of follow-up the proportion of patients who remained on the initial treatment reduced to 26%. For these patients with at least four years of follow-up, 34% had discontinued their index OAD therapy.
The values of HbA1c are given in Table 5 and displayed in Figure 1 and Figure 2 . For the entire patient group, the initial high values of HbA1c of around 71 mmol/mol were reduced by 12 months to 55 mmol/mol and remained at similar (lower) levels over the following years. Whilst Figure 1 depicts absolute HbA1c values for all patients, Figure 2 provides the within patient change in HbA1c values since baseline. Whilst most patients have benefited in a reduction of HbA1c, Figure 2 provides evidence that there was between 15% and 18% of patients for whom HbA1c increased since initiating OAD.
The association from multinomial logistic regression between each covariate and the likelihood of each of the treatment outcomes as compared to no change in treatment during the timeframe, for the period between 6 months and 18 months, is presented in Table 6 . This period is potentially of greatest interest as the initial period reflects simply the baseline status of the patients whilst the second period around one year reflects how the patient has evolved since starting OAD, principally with respect to glycaemic control, and how the current status impacts of the chance of treatment change.
Augmentation
Increased baseline HbA1c is associated with increased chance of augmentation, and there is about a threefold increase in the chance of augmentation with each 10 mmol/mol (equivalent to 0.9%) increase in HbA1c around one year after initiation of OAD therapy. Both increasing age and increasing time since diagnosis of diabetes are associated with decreased chance of augmentation, and there is no clear association of gender on the chance of augmentation. Metformin had a lower chance of augmentation than the other OADs provided in monotherapy as the initial pharmacological option. Patients on metformin were less likely to experience augmentation than those on gliclazide or glimepiride irrespective of medical history or HbA1c test results (since they are adjusted for in the model). For some of the groups administered OAD as combined therapy it would also appear that the rate of augmentation was lower than those who initiated on metformin. Patients with a history of CHF seemed to be more likely to have their treatment augmented in the period around one year following initiation of OAD therapy.
Switching
The chance of switching increased by a factor of 2.4 with each 10 mmol/mol increase in HbA1c as measured around one year after initiating OAD therapy. There was no clear association of age and time since diagnosis of diabetes on the chance of switching. However, the chance of switching was observed to be lower in men. The chance of switching was lowest in the metformin group as compared with all the other initial OAD regimens, including those in combination though not all comparisons reached statistical significance.
Discontinuation
Discontinuation implies that no switch to another OAD or initiation of insulin occurred shortly after the discontinuation. Hence, this variable implies that no further medication for diabetes was used for at least 60 days following exhaustion of the last OAD prescription. Increased baseline HbA1c was related to a decreased chance of discontinuation (for each increase of 10 mmol/mol of HbA1c the chance of discontinuation decreases by approximately 20%, regression coefficient = 0.805, data not shown). However, this association is inverted for HbA1c measurements in the period around 1 year after initiation of OAD. In this later period there is statistically significant increase in the chance of discontinuation associated with increased HbA1c whereby for each increase of 10 mmol/mol of HbA1c the chance of discontinuation increases by approximately 14%. 
Discussion
We report the results of a study that describes the determinants of the second-line treatment for over 60,000 UK patients with T2D, who initiated non-insulin antihyperglycaemic therapy between January 2006 and December 2010, for whom a median of two years of follow-up per patient was obtained, reaching a maximum of over 5 years.
In the UK, T2D is principally managed in primary care. Therefore, an evaluation of treatment patterns in a primary care database will be generalizable to the overall population of patients with diabetes in the UK. Furthermore, this is a timely study as there is now enough information on HbA1c to analyse the changes in glycaemic control over time. Whilst we examined how HbA1c can impact on subsequent changes in treatment regimen, this study also provided information on the levels at baseline when OAD was initially prescribed. Given that HbA1c is a key part of the guidelines related to when to initiate OAD and the choice of OAD, it was surprising that around 30% of patients did not have a recorded HbA1c test performed in the six months prior to initiating OAD. The gradual trend of increased rates of HbA1c recording over time may indicate that missing HbA1c may in part be due to lack of computerisation. However, even at the end of the study period 23% of patients were still lacking a record of HbA1c prior to commencing OAD. We observed that half of the patients initiating OAD had HbA1c values in excess of 65 mmol/mol and a quarter were above 80 mmol/mol. Such values are well above the National Institute for Health and Care Excellence (NICE) recommended level for OAD indication (48 mmol/mol). This would imply that in primary care either patients are being identified at high HbA1c levels (first OAD reading) or, in general, general practitioners are more likely to delay initiation of OAD until levels are often above the NICE recommendation for OAD. Over half of the patients that initiated OAD were clinically obese. This observation requires careful interpretation as this study only includes patients starting OAD and hence does not includes those T2D patients who have not required OAD and for whom lifestyle advice has been effective enough to avoid medication to control their glycaemia. Hence, the high prevalence of obesity in this population is a probable reflection that for these patients lifestyle modifications have not had the desired effect.
Metformin clearly dominated the choice of OAD in UK primary care between 2006 and 2010. This is in line with NICE recommendations. The key difference between the patients whose initial OAD was not metformin as compared to those that initiated on metformin, was that they were older and had worse levels of blood glucose. Prior to initiating gliclazide patients had a mean HbA1c of 78.3 mmol/mol, as compared to 70.1 mmol/mol for patients who were subsequently administered metformin. Body mass index (BMI) was lower for those patients who did not initiate with metformin. The prevalence of comorbidities (CHD, stroke, CHF) were all substantially higher for those patients who initiated on drugs other than metformin, suggesting certain channelling towards different OAD therapies. Indeed, it is likely the comorbidities may have dictated the choice of drugs giving rise to the older age of the patients prescribed sulfonylureas (rather than age determining directly the choice of OAD) and it is also possible that the choice of a therapy is based on the predominant pathophysiology in this group where older and less obese patients are likely to have more beta cell dysfunction and relatively less insulin resistance. The above differences were coherent with treatment guidelines. For instance, metformin is recommended especially for patients with high BMI whilst it is contraindicated for heart failure, (recent) myocardial infarction and for renal impairment. Whilst relatively low, the prevalence of nephropathy was three times less for metformin than for gliclazide. Initiating on combination therapy was rare (2%). Only 3.4% of all patients eventually initiated insulin during the follow-up period. Studies from other settings have reported a different preferred first-line OAD. In New England, US, during the 90 days after initial diabetes documentation 25% of patients received one oral antidiabetic agent (76.6% of them sulfonylurea and 21.9% metformin) [12] . Similarly, the ADVANCE trial reported that at baseline 43% of patients were on oral monotherapy glucose lowering agent, 59% on sulfonylureas, and 38% on metformin [13] . A study conducted in PHARMO for the period 1999-2004 also reported sulfonylureas (53.2%) and metformin (40.2%) as the most frequently used initial OAD therapies [14] . Metformin use as first OAD therapy seems to be increasing in recent years in other countries as well [15] . The within-patient reduction of 15.8 mmol/mol in the first year provides a quantification of the impact on the overall population of patients with diabetes. However, whilst this is a clear reduction a majority of patients remain above the recommended level (48 mmol/mol or 6.5%) and do so over the subsequent years. Furthermore, whilst demonstrating and quantifying the effectiveness of OAD administration, the observed overall reduction at the patient level actually masks the fact that there are around a fifth of all patients for whom their HbA1c levels actually increase. Hence, both issues suggest an unmet need in spite of the many non-insulin antihyperglycaemic drugs currently available. Indeed, further research is warranted to identify potential determinants of patients for whom a reduction in HbA1c is not achieved. Despite the clear improvement of HbA1c following OAD initiation, the overall levels of glycaemic control were poor with three quarters of the patients above 48 mmol/mol after three years. This is similar to other studies, in the New England region of the US, at 180 days after initial diabetes documentation, only 25% of the patients had optimal glycaemic control (defined as HbA1c <53 mmol/mol) [12] .
The characteristics of patients who initiated on one of the main OAD drugs (i.e., metformin or a sulfonylurea) varied considerably. Such characteristics may, therefore, have an impact on subsequent glycaemic control and hence on the subsequent treatment regimen changes. All treatment changes were clearly associated with higher HbA1c levels, including discontinuation. This latter observation does not seem to be coherent as discontinuation would be associated with adequate glycaemic control; however, there will be patients restarting a different OAD shortly after discontinuing. When comparing the one-year persistence of initial OAD treatment with other published studies there was similarity with some studies [14, 16] , whilst there were clear differences with others [15] . The range of persistence rates can be explained by the settings where the studies were conducted, by the outcome definitions applied, and by the length of follow-up considered for the reported treatment changes. Another contributing factor to treatment changes could be the frequency of adverse events experienced by patients in different OAD therapies [17] .
For this manuscript we reported the results of the multinomial logistic regression and in the interest of space we decided not to report the survival analyses that we also conducted.
Multinomial logistic regression provides intuitive results when patients can have one of several interrelated outcomes (i.e. switch, augmentation or discontinuation vs. persistence) whilst survival analyses are limited to one single event and censors all other outcomes (i.e. discontinued vs. did not discontinue). We were also able to account for the change in HbA1c, as a predictor for treatment pattern change using the HbA1c associated with the timeframe in which the change occurred, in a simpler way than if survival analyses were used only considering one outcome at a time.
A limitation of using logistic regression is that variable follow-up is not accounted for. Nevertheless, the patients who were included in these analyses all had to have had at least 15 months of follow-up and the outcome is specifically defined in the time window comprising 6 months to 18 months since OAD initiation. Hence in order to be considered the patients have to comply with similar criteria regarding their follow-up. A potential limitation is that data analysis taking into consideration clustering by general practice would have provided insight into potential bias resulting from variable data quality and confidence intervals that could have a different width than reported. We find reassuring that others have reported little evidence of such potential bias after matching on practice [18] . Likewise, the use of matching on general practice could result in wider confidence intervals but it could also reduce variability overall [19] .
Another limitation of the study is the lack of a comparator group; we cannot say what would have happened to the levels of blood glucose if the patients had not been treated although it is unlikely that without medication their HbA1c levels would have reduced given that life style counselling had already be tried. Another limitation we encountered, during multinomial logistic regression analyses, is that there were inferences hampered by the low numbers.
Conclusion
This study confirmed the high rate of initiation on metformin and apparent channelling when other agents were used, as well as that treatment regimen changes were related to HbA1c levels following OAD initiation. We also observed that when patients started their first OAD their levels tended to be substantially higher than those at which OAD drug use is indicated. Furthermore, this study provides a quantification of the reduction of HbA1c at the diabetes patient population level, although the levels remained above those recommended and there are many patients for whom their HbA1c levels increased. 
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